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The retina, which forms the inner l ining of the eye, contains the l ight-sensitive
photoreceptors of the visual system. There are two classes of these sensory cells: the rods
and the cones. The photoreceptors can capture l ight and convert it into a neural signal.
Besides glia celis and pignrent celis, the retina also contains four types of neurones: the
horizontal cells, the bipolar cells, the amacrine cells and the ganglion cells, which compose
neuronal networks that are the basis of the so-cailed "receptive units". The horizontal cells
and the amacrine cells are <;onnected laterally over long distances whereas the bipolar cells,
ganglion cells and the sensory cells themselves form circuits with shorter connections. In
these networks a corrsiderable amount of signal processing takes place. The ganglion cells
are the output cells of the retina. They send the primarily processed and fi l tered visual
information to the brain. Their axons form the optic nerve, which run to the sub-cortical and
cortical brain areas involved in the central processing of the visual information. This
eventually gives rise to object perception or the "percept".
In man, the physiology of the visual system is often investigated with the method of
psychophysics. With this method a subject is offered a physically well-defined stimulus and
is asked to report, directly c'rr indirectly, what he or she experiences. Then by correlating
stimulus parameters with the responses of the subject, conclusions can be extracted about the
functioning of the sensory system.
For investigating the visual systenr of animais, however, this nrethod has inherent
limitations, since animals carr "tell" us what they perceive only in an indirect way. Therefore
psychophysrcal experiments with animals are elaborate, almost always involve lengthy
conditioning, and only succeed with species that are rather "high" on the evolutionary
ladder.
A research tool  that  can used both in  humans and in animals is  the so-cal led
"evoked potential" (EP) technique. This technique comprises the recording of the activity of
parts of the centrai neryous system, evoked by stimulation of sensory elements. Applied to
the visual system, electrodes placed on the scalp above the visual cortex can pick up EPs
elicited by stirnulation of the visual system in man and animal. The interpretation of the
recorcied EPs is problenatic since it is unknown how percept and cortical activity are related.
It is an even greater problenr when we want to establish the ;elationship between stimulus,
percept and processed EPs.
With most experiments presented in this thesis we encountered this latter situation: we
obtained averaged EPs when the visual system was stimulated by a complex mixture of an
adequate and a non-adequate st imulus.  We compared these EPs wi th concomitanl
psychophysical observations and detcrmined the applicability of a system-model proposed of
Spekreijse to our results. In more detaii: our experiments ttrok the form of compensating the
fl ickering aspect of a modulated l ight stirnulus applied to the eye, by a non-adequate
stirnulation of the same eye in the form of a stimulating alternating current, giving rise to
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so-called "electrical phosphenes". We correlated stimulus parameters and parameters of
recorded averaged evoked potentials (EP) with the simultaneously obtained psychophysical
data. We used this set up, since it enabled us to enter the visual system at two different
levels: at the level of the sensory cells (with light) and of the bipolar cells (with electrical
currents). This should give the opportunity to get insight in the extent and nature of the
signal processing that goes on in the structures between the entry points of the stimuli. We
realised it by simultaneously i l luminating the retina with a time-modulated l ight and
stimulating it with an electric current of the same frequency but with a different phase. This
latter stimulus will, when properly tuned, compensate the effect of the time varying light
stimulation and the result will be a steady percept.
After a general introduction (CHAPTER 1) into the field of interest and a description of
the aims of the investigation, CHAffER 2 gives an introduction into the morphology of the
retina and a short overview of the cellular networks underlying the neural mechanisms of
visual signal processing. The complexity of this retinal signal processing is denronstrated by
an experiment, which shows that hue encoding of a fl ickering l ight i l luminating an area of
the retina can be altered by illuminating an adjacent area with flicker of exactly the same
wavelength, frequency and amplitude, but with a different phase.
The second part of CHAPTER 2 reflects on the possibil i ty that the geometry of the
retinal cells themselves can account for the difference that has been found in the sensitivity
for electrical current between the retinal t issue and other brain tissue. In this section the
question where electrical current would inrpinge upon the visual system, is also addressed.
In order to obtain proper EPs under the adverse circumstance of stimulating current
flowing through an eye (and the rest of the body) we had to develop a dedicated
experimental setup. CHAPTEn 3 describes the development of such a system for recording
cortical potentials that are evoked by stimulating the eye of a human subject with electrical
current. Visual Electrically Evoked Potentials (VEEPs) are more difficult to record than
visual potentials evoked by l ight (Visual Evoked Potentials = VEPs), since the currents
necessary for evoking a perceptible phosphenes must be so high that recording electrodes
and equipment are easily overloaded and that the recording of minute cortical potentials is
severely hampered. Moreover, electrical phosphenes are rather weak visual percepts. So
VEEPs, l ike VEPs, are swamped by the background activity of the brain. Therefore
averaging a great number of responses was necessary to determine the shape of the VEEP.
However, due to particular noise sources, it appeared difticult to obtain a useful averaged
VEEPs, especially when short bursts of high-amplitude noise occurred. Therefore, we
developed a special averaging technique, which we have called "selective averaging". The
result of this development is presented and discussed in the second part of CHAPTER 3. We
conclude that using "selective averaging", because it recluires obtaining prior knowledge
about the sources of noise involved, is not always time-effective.
After the development of the stimulation and recording system, we recorded transient
VEEPs by introducing steps in the stimulating current and compared these recordings with
VEPs from comparable steps in l ight level (CHAPTER 4). High correlations were found
between the waveforms of both types of transients (which were obtained with electrodes on
the midline above the visual cortex) when the "current" waveforms were delayed for
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about 38 ms. This correlation possibly arises from a common origin for both types of
transients (at a stage beyond the entry point of the current), with the delay signifying the
"travelling time" of the signals between photoreceptor and the bipolar cell ievel.
The second characteristic of the VEEP that we investigated was its "frequency"
response or "steady-state" response. A steady-state VEEP, evoked for instance by a constant
alternating current, is harder to record then a transient VEEP. Again this is due to the fact
that the stimulating current for evoking an electrical phosphene causes artefacts so big that it
is impossible to record VEEPs while the current is still flowing. So a steady-state response
can only be recorded in a indirect way. In CHAPTER 5 we describe how this problem was
solved for a l imited frequency range, by interrupting the current occasionally for short
periods (socalled "silent periods").
We recorded steady-state responses to electrical stimulation of the visual system for
frequencies from 17 to 60 Hz and found litt le decline in amplitude with increasing
frequency, indicating that not much fi l tering is done by the system under study. We also
found that the steady-state response builds up in about 10 cycles of stimulation, so that by
introducing silent periods after a limited number of stimulus cycles, the latency of the visual
electrically evoked steady-state response could be determined.
In the final section of CHAPT ER 5 we report on experiments in which we recorded EPs
when the eye was stimulated simultaneously with alternating current and flickering light. We
determined whether relations between characteristics of the recorded EPs and the
concomitant psychophysical observations could be deduced. We fitted the phase- and
amplitude-characteristics of the responses to the three types of stimulation (alternating
culrent of various frequencies, sine wave modulated light stimuli or simultaneous light and
cunent stimulation) by an adaptation of the system-model proposed by Spekreijse. The
behaviour of the adapted model is given in the General discussion (CHAPTER 6). It appeared
that the model was only moderately successful in describing our experinrents: parameters
describing amplitudes, attenuation, DC-levels and rectif ier characteristics were rather
variable and presumably had to be varied with each stimulus combination used, rather than
being constant. The reason for this is possibly a functional re-configuring of the connections
between the retinal neurones, a process that has been observed to occur in other
circumstances. On the other hand, consistent values were found for the model parameters
containing phase and delay information which also were in agreement with the
psychophysical data.
So we could conclude that our VEP and VEEP experiments reveal some aspects of
processes going on in the retina, but do not uncover all details. These evoked potential
measurements could be used in the research of the visual systems of humans or animals,
albeit within this circumscribed scooe.
